ABSTRACT Aims/Introduction: Brachial artery flow-mediated dilation (FMD) is a method of evaluating the function of vascular endothelial cells and is utilized for early diagnosis of atherosclerotic diseases. Only a few studies evaluated the risks for major vascular complications in youth with type 1 and 2 diabetes mellitus from the aspect of the early development of atherosclerosis. We studied whether there is a difference in vascular endothelial cell function between youth with type 1 and 2 diabetes mellitus. Materials and Methods: We assessed %FMD of 24 patients with type 1 diabetes mellitus and 27 patients with type 2 diabetes mellitus aged 12-20 years along with glycated hemoglobin, lipid metabolism markers such as triglycerides, and inflammatory biomarkers such as total adiponectin levels in adolescent patients with type 1 or 2 diabetes mellitus. The significance of the difference in each factor between the type 1 and type 2 diabetes groups was assessed using Student's t-test. Results: The %FMD was significantly lower in patients with type 2 diabetes. The body mass index and blood pressure were significantly higher, and total and high-molecularweight adiponectin levels were significantly lower in patients with type 2 diabetes. %FMD significantly correlated with systolic blood pressure.
INTRODUCTION
Various methods of non-invasively assessing the degree of atherosclerosis have been developed. Brachial artery flow-mediated dilation (FMD) has been reported to be effective for early detection of atherosclerotic lesions 1 . FMD evaluates the function of vascular endothelial cells, and reduced %FMD is a predictive factor for major vascular complications including cardiovascular diseases 2, 3 . The %FMD as an independent predictor of longterm cardiovascular events was reported to be less than 8.1 in adults 4 . Adults with type 1 and type 2 diabetes were reported to have decreased %FMD 5 . Decreased %FMD is also found in diabetic youth, suggesting that diabetes also causes dysfunction of vascular endothelial cells in young diabetics, and would lead to early atherosclerotic changes [6] [7] [8] . It is well known that diabetes mellitus is a risk factor for macrovascular complications in adults. It is reported that the long-term prognosis is poor with respect to microvascular complications in youth type 2 diabetes compared with youth type 1 diabetes 9, 10 . However, few studies have evaluated the incidence of major vascular complications in youth with type 1 and type 2 diabetes from the standpoint of early atherosclerosis 11 . Therefore, we measured FMD¸along with several other important parameters for determining progression of atherosclerosis, such as lipid profiles and biomarkers of inflammation, and examined whether those markers are significantly different between youth with type 1 and type 2 diabetes. ; and total and high-molecular weight adiponectin) were collected and compared between the two groups. The protocol of the present study was approved by the institutional research ethics committee (approval number: D120524002, approved on 24 May 2012). Written informed consent was obtained from the guardians of all of the participating patients.
MATERIALS AND METHODS

Study Participants
Measurement of FMD
Flow-mediated dilation was measured using an ultrasound system (model HD25XE; Philips, Bothell, WA, USA) with a 10-MHz linear transducer. All of the measurements were carried out by a single physician to minimize interperson variability. After resting in the supine position for more than 5 min, the resting end-diastolic diameter of the brachial artery was measured with the transducer applied parallel to the artery. Next, blood was expulsed from the brachial artery for 5 min with a sphygmomanometer cuff placed at the forearm and inflated at 200 mmHg, and another measurement of end-diastolic brachial artery diameter was obtained 60 s after the cuff was deflated 13 . %FMD was calculated as the percentage change in the arterial diameter before and after expulsion.
Blood Chemistry A blood sample was drawn in the fasting state on the same day that FMD was measured. Levels of total and high-molecular weight adiponectin; high-sensitivity CRP; total, LDL and HDL cholesterol; and triglyceride were measured at SRL Inc. (Hachioji, Japan). Specifically, serum total and high-molecular weight adiponectin levels were measured by latex immunonephelometry and chemiluminescent enzyme immunoassay (CLEIA), respectively. The high-sensitivity CRP level was determined by latex immunonephelometry. Total cholesterol was measured by the cholesterol dehydrogenase method, and triglyceride level was measured by the enzyme method. LDL and HDL cholesterol levels in serum were directly measured. HbA1c level was measured by high-performance liquid chromatography (Hi AUTO, HA8150; Arkray, Kyoto, Japan). HbA1c values were converted from Japan Diabetes Society to National Glycohemoglobin Standardization Program values 14, 15 .
Statistical Analyses
Data were statistically analyzed using SPSS version 13 (SPSS, Chicago, IL, USA). For comparison of background characteristics and results of blood chemistry tests, Student's t-test was carried out. The relationship between the %FMD and clinical variables was analyzed using a linear regression. Multiple regression analysis was carried out to identify the independent risk factors with the use of factors identified in univariate analyses. P < 0.05 was considered statistically significant. The following parameters were considered to be normally distributed and raw numbers were used in the statistical analyses: patients' age and duration of diabetes, HbA1c, systolic and diastolic blood pressure, and %FMD. The other data (BMI, total cholesterol, LDL and HDL cholesterol, triglyceride, high-sensitivity CRP, and total and high-molecular-weight adiponectin) were logarithmically transformed to obtain a normal distribution.
RESULTS
The patients' characteristics and data from blood chemistry tests in the type 1 and type 2 diabetes groups are summarized in Table 1 . The age range was similar in the two groups. The duration of diabetes was significantly shorter in the type 2 diabetes group than in the type 1 diabetes group (6.0 -2.8 vs 3.6 -2.7, P < 0.01). The BMI, systolic blood pressure and diastolic blood pressure were significantly higher, and the total and high-molecular weight adiponectin and HDL cholesterol levels were significantly lower in the type 2 diabetes group than in the type 1 diabetes group. The HbA1c levels were similar in the two groups.
The %FMD was significantly lower in the type 2 diabetes group than in the type 1 diabetes group (7.9 -4.0 vs 10.5 -5.1, P < 0.05). There was no significant difference in % FMD when comparison was made in each sex (Figure 1) .
Overall, %FMD significantly correlated with sex, BMI, systolic blood pressure, HDL cholesterol, total adiponectin, high-molecular weight adiponectin and high-sensitivity CRP in univariate analysis. Multiple regression analysis was carried out with the significant factors shown in the univariate analyses. % FMD significantly correlated with systolic blood pressure in multivariate analysis (Table 2 ). In the type 1 diabetes group, %FMD significantly correlated with systolic blood pressure in univariate analysis (Table 3 ). In the type 2 diabetes group, % FMD significantly correlated with the sex, BMI, systolic blood pressure, total adiponectin, high-molecular-weight adiponectin and high-sensitivity CRP in univariate analysis. Multiple regression analysis was carried out with the significant factors shown in the univariate analyses. %FMD did not significantly correlate with any factor in multivariate analysis (Table 4) . The significance of the difference in each factor between the type 1 and type 2 diabetes groups was assessed using Student's t-test. Levels of total cholesterol, triglyceride, low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C), high-sensitivity C-reactive protein (CRP) and high-molecular weight adiponectin were logarithmically transformed and considered to be normally distributed. ACE-I, angiotensin-converting enzyme inhibitor; BMI, body mass index; DBP, diastolic blood pressure; FMD, flow-mediated dilation; HbA1c, glycated hemoglobin; HMW adiponectin, high-molecular weight adiponectin; hs-CRP, high sensitivity C-reactive protein; SBP, systolic blood pressure; Total-C, total cholesterol. 
DISCUSSION
There are a variety of methods of non-invasively examining atherosclerosis. Measurement of FMD is one such method, and its usefulness in detecting early atherosclerosis has been reported 1 . FMD evaluates the function of vascular endothelial cells 2, 3 . Comparison of intima media thickness (IMT) and FMD by ultrasonography in obese children and their agematched healthy control children showed that there was a significant difference only in FMD 16 . Therefore, it has been considered that FMD is a more appropriate marker than IMT to evaluate arteriosclerosis at the early stage in obese children. It is suggested that in Japanese healthy youth under the age of 20 years the normal range of %FMD mild reduction value is 8.0 or less and the significant reduction value is 6.0 or less 17 . Macroangiopathy and microangiopathy are vascular complications of type 1 and type 2 diabetes. These vascular complications are involved in the onset of glucose intolerance from the early stage through endothelial dysfunction. Vascular complications result from the early stage of vascular endothelial cell dysfunctions in both patients with type 1 and type 2 diabetes 5, 18 . A decrease in %FMD and vascular endothelial cell dysfunction are found even in youth with diabetes, and contribute to early atherosclerotic changes [6] [7] [8] . Increased production of advanced glycosylation end-products 19, 20 , decreased functional endothelial nitric oxide synthase 21 , increased tissue superoxide dismutase [22] [23] [24] , enhanced signals for inflammation and lipid metabolism 25 , activation of polyol cascade 26 and effects of epigenetics 27, 28 have all been suggested to cause vascular endothelial cell dysfunction in patients with high serum glucose.
Dysfunction of vascular endothelial cells can also be caused by various other factors, such as obesity, hypertension, lipid abnormality, lack of exercise, smoking, aging and menopause 5, 29, 30 . In obese patients, abnormal regulation of adipocytokine, such as low serum adiponectin levels, occurs as a result of adipocyte dysfunction that has been caused by an accumulation of visceral fat. Abnormalities of blood pressure and lipid metabolism are also interrelated. These changes could further accelerate atherosclerosis, leading to major vascular damages, such as cardiovascular and cerebrovascular diseases 31 .
In the present study, we showed that the %FMD was significantly lower in the type 2 diabetes group than in the type 1 diabetes group. Blood glucose control, as evaluated by the Sample size for regression: n = 51. *Correlation with log transformation. BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; FMD, flow-mediated dilation; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HMW adiponectin, high-molecular weight adiponectin; hs-CRP, high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; Total-C, total cholesterol. Sample size for regression: n = 24. *Correlation with log transformation. BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; FMD, flow-mediated dilation; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HMW adiponectin, high-molecular weight adiponectin; hs-CRP, high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; Total-C, total cholesterol.
HbA1c level, was equivalent in the two groups at the time of assessment of FMD. These data suggest that dysfunction of vascular endothelial cells is more severe in patients with type 2 diabetes than in those with type 1 diabetes. There were many patients with a high BMI accompanied by being overweight or obese in the type 2 diabetes group. Also, the adiponectin and high-molecular-weight adiponectin levels were significantly lower in the type 2 diabetes group, indicating excess fat accumulation, particularly in patients with type 2 diabetes. Obesity associated with type 2 diabetes triggers not only insulin resistance, but hypertension, abnormal lipid metabolism, decreased adiponectin production and chronic systemic inflammation. All of these factors could further accelerate atherosclerosis, leading to major vascular damages. Systolic blood pressure was significantly correlated with %FMD in both the type 1 and type 2 diabetes groups. Although it is well known that the risk of major vascular complication is considerably increased in diabetic patients with hypertension, an elevated blood pressure might directly cause dysfunction of vascular endothelial cells in these patients. In youth with type 2 diabetes, insulin resistance associated with obesity is considered the main factor for the pathogenesis 32 . Essentially, type 2 diabetes is a complicated disease consisting of a variety of factors, and its pathogenesis is not uniform. Ideally, comparison with the healthy control group is necessary, but it was difficult to select age-matched healthy control participants in daily pediatric practice at the outpatient clinic. Then, patients with type 1 diabetes, which was frequently found in childhood and is a risk factor for cardiovascular complications 33, 34 , were selected as the control group. In the present study, the case number was small, and there was no significant difference in %FMD when comparison was made in each sex and obesity-degree group. Investigation in a larger number of cases and comparison with a control group will be necessary.
The present data suggest that, even in youth, dysfunction of vascular endothelial cells is more severe in patients with type 2 diabetes than in those with type 1 diabetes. As younger patients have longer lifespans, early detection of and a therapeutic approach, such as early treatment of hypertension with an angiotensin-converting enzyme inhibitor for vascular damages and atherosclerosis, are essential to prevent major vascular complications during the remaining lifespan of youth with type 2 diabetes. Sample size for regression: n = 27. *Correlation with log transformation. BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; FMD, flow-mediated dilation; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HMW adiponectin, high-molecular weight adiponectin; hs-CRP, high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; Total-C, total cholesterol.
